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(57) Abstract 



Communications apparatus is disclosed which is adapted for use with a mains electricity transmission and/or distribution network, 




standard which uses a relatively hjgh carrier frequency (e.g. CT2), and the frequency conversion means is usable to convert a signal having 
a relatively high earner frequency to a signal having a lower carrier frequency. 
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POWERLINE COMMUNICATIONS NETWORK EMPLOYING TDMA, FDMA ANO/OR COMA 

This invention relates to a method of signal injection, 
transmission, interconnection (termination) and detection, 
5 and to a power transmission network, ie. a mains 

electricity distribution and/or transmission network, and 
a filter therefor, m particular it relates to the use of 

telecommunications transmission (e.g. voice, data, image 
10 and/or video). 

in the UK, it is conventional to describe a power network 
for 33kV and above as a "transmission network", and one 
for less than 33kV as a "distribution network", m this 
15 specification the term "electricity distribution and/or 
power transmission network" is normally used, but general 
references to power networks and to transmission of 
signals are to be construed as applying to all such 
networks. 

20 

Traditionally telecommunications signals have been 
transmitted on independent networks e.g. telephone lines. 
More recently, in order to simplify and increase 
efficiency of telecommunications services to domestic or 
25 industrial premises, there have been investigations into 
using existing electricity transmission and distribution 
networks to carry telecommunications services. 



30 



It has been known to utilise above ground (overhead) power 
lines for the transmission of additional control speech 
and data signals. However, with such transmissions, the 
frequency spectrumjnust be allocated for and restricted to 
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particular applications in order to avoid interference 
with other telecommunications services. In addition, the 
strength of signals which can be transmitted is limited 
since the amount of radiation produced by the transmission 
5- is related to the strength of the signal and this 
radiation must be kept to a minimum. 

Such transmission signals must therefore be of low power 
and confined within a specific frequency band allocated by 
0 international agreement' for such purposes, so this 

mechanism is unsuitable for large scale voice and/or data 
transmission where signals extend well into the radio 
spectrum (e.g. 150 kHz and above). 

5 It has been known to use spread spectrum techniques to 
transmit data at carrier frequencies of between 6kHz and 
148kHz on underground and overhead power networks. Again, 
in this allocated frequency band such transmissions suffer 
from low data rates and low traffic capacities due to 

0 power line noise characteristics. Due to the limited 
spectrum available and high noise levels encountered 
wideband telecommunications signals cannot be sent. 

Although papers such as that by J.R. Formby and R.N. 

15 Adams, ("The mains network as a high frequency signalling 
medium", The Electricity Council, January 1970) suggested 
a communications potential for the low and medium voltage 
networks, no further work was undertaken. Even today, 
with the prospect of remote meter reading and selective 

10 load control, solutions tend to employ techniques such as 
tele'phony and radio communications/ thus avoiding the 
mains network where possible. 
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Ideas have been put forward but few have proceeded past 
the theoretical stage, due to the hostile environment 
presented by the mains network. The problems to overcome 
include electrical noise, (both constant background noise 
5 and transient spikes) and high attenuation of high 
frequency signals due to skin and proximity effects. 

Messrs Formby and Adams suggested using frequencies in the 
range of 80 to 100 kHz. 100 kHz was recommended as a 
10 maximum because theory suggested that higher frequencies 
would suffer from excessive attenuation, other papers 
recommend a maximum of 150 kHz due to the fact that 
radiated signals higher than 150 kHz would interfere with 
broadcast radio signals. 

15 

A further situation where power lines are also used for 
.the^ransmission^jpe ech and data sig nals is on the 
electricity wiring inside buildings, in such 
configurations the internal 240V mains wiring is used for 

20 the transmission of data, with appropriate filtering being 
provided to add and separate the data signals from the" 
power signals. Additionally a filter, such as the Emlux 
filter described in European Patent_Aroli^ati£n 141673, 
. may be provided to prevent data signals leaving the 

25 building and entering the power supply network external to 
the building. The Emlux filter described consists of a 
tuned ferrite ring which acts effectively as a band stop 
filter. In order to be effective the band stop filter 
must be of narrow bandwidth and therefore is not suitable 

30 for use with high speed data communications, since a large 
number of such band stop filters would be required. 
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A further problem with sending telecommunications signals 
on a mains power network lies in the determination of a 
suitable technique or protocol for the transmission of 
those signals. As power networks are typically "trunk and 
5 branch multipoint" and/or "point to multipoint" networks 
there may be many different propagation paths and 
reflection points as a signal is transmitted along the 
network. This results in what is known as "delay spread" 
of the signal, that is the signal becomes spread out in 
10 time as it takes different propagation paths through the 
network. A typical delay spread may be around 5\xa, and 
this must be taken into account when determining the data 
transmission rate. 

15 The present invention aims to provide a transmission 
network which alleviates some or all of the above 
problems • 

Accordingly, in a first aspect, the present invention 
20 provides an electricity distribution and/or power 

transmission network at least part of which is^ external to 
a_building, the network including input means for the 
input onto the network of a telecommunicatio ns signal 
having a carrier frequency jgreater t han appr oxi mately 1MHz 
25 and output means for removing said telecommunications 

signal from the network, said signal being transmissible 
along said . external__part of the network, wherein the 
network is adapted to transmit said signal using 
frequency, time and/or code division multiplexing 
30 techniques. 



A wide range of different transmission techniques are 
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available for use with electricity power line 
communication each using vario us mo dulation method s 
^ Ud . in9 f ^5SW, timelnTc^de division multiplexing. 
It has been determined that the spread spectrum~ 1iietK5ir 
5 offers inherent security and good interference rejection 
characteristics. These properties are achieved using a 
large ba ndwidth and hence requires the design of a 
specific filter. 

10 Modulation methods include amplitude, frequency, phase; 
single, double and vestigal sideband, pulse position, 
width and amplitude; frequency shift keying ( FSK ) , 
Gaussian filtered FSK ( GFSK ) , Gaussian minimum shift 
keying (GMSK), Quaternary pha se shif t keying (Q PSK_h 

15 Orthogonal quaternary phase shift keying (OQPSK), 

Quadrature amplitude modulation (QAM), Pi/4 qpsk etc. 

A large number of standard cordless, mobile and cellular 
radio phone communication techniques may be suitable for 
effecting signal transmission over a conditioned network. 



20 



Preferably, the network is adapted to transmit said signal 
using one or more of the following cordless telephony 
. techniques and/or standards: CTO, CT1 and CT2, AMPS, DECT 
25 (Digital European Cordless Telephone Standard), IS-54, IS- 
95, GSM, Q-CDMA, R-CDMA, UD-PCS, PHS, PACS, TACS, ENTACS, 
NMT450, NMT900, C-450, RTMS, Radicom 2000, NTJ, JTACS 6 
NTACS, DCS 1800, etc. 

30 One particularly favourable telecommunications standard 
has been found to be the CT2 stan dard. However in normal 
use, CT2 equipment transmits and receives at a radio 
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frequency of around 866MHz. Accordingly, the network may 
I include frequency conversion means for down converting the 
j frequency of the signal to a frequency more suited for 
\ propagation on the network. 



CT2 is a dig ital transmission standard and applying such a 
standard permits the signals to be frequency translated 
and regenerated at requisite points on the network thus 
extending the services to any or all sections of a network 
10 irrespective of the overall attenuation offered by the 
network end to end. 



One possible problem with using the CT2 standard is that 
the CT2 signal is prone to interference by noise. One way 
15 round this problem is to use a different standard, namely 
the CDMA (Code Division Multiple Access) spread spectrum 
transmission techniques. 

With CDMA, the signal is spread across the frequency 
20 spectrum and therefore interference at any particular 

frequency does not necessarily effect the effectiveness of 
the data transmission included in the signal. 
Furthermore, as the signal is spread across the spectrum 
then less power is needed to transmit the signal. 

25 

Advantageously, the present invention may make further use 
of this property of CDMA transmission. Accordingly, 
signals of a _re3»afciye ly n arrow bandwidth may be 
superimposed over the relatively broad bandwidth CDMA 
30 signal. The narrow bandwidth signal(s) will interfere 
with the CDMA signal at the particular frequency of the 
narrow bandwidth signal, but the CDMA signal will remain 



10 
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undisturbed in other parts of its frequency range. Thus 
deliberate "interference" can be added to the CDMA signal. 
This could be used for, for example, transmitting narrow 
bandwidth data signals on top of a relatively broad 
bandwidth telephony signal. 

The term "carrier frequency- refers to the unmodulated 
frequency of the carrier signal, and not to the frequency 
of the telecommunications signal once modulated. 



On, for example, a 415V network the carrier frequency may 
preferably be between 1-lOMHz, and on, eg., a UkV network 
may be between e.g. l-20MHz, or possibly 5-60MHz. However 
the frequency may be up to 100' s of MHZ depending on the 
15 network and the application. For example, over short 
distances (10-20m) a frequency range of e.g. l-600MHz or 
1- 800MHz may be used. 



20 



The power network may include one or more phases. 
Pr eferably the^network._is a polyphase_ne£work including 
e*g. any one or more of 2, 3, 4, 5, 6, 7 etc phases. 
Different sections of the network may include different 
numbers of phases. 



25 The network may typically be a trunk and branch multipoint 
(or multipoint to point) electricity distribution and/or 
power transmission network. 



30:1 



Preferably the network is unbalanced i.e. provides 
unbalanced transmission characteristics. The cable(s) of 
the network may be _screene£or_clad e.g. with a suitable 
metal material, which enables the cable to behave as a 
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pseudo-coaxial element to provide an unbala nced 
transmission network at the transmission frequency of the 
present invention. 

5 Preferably the transmiss^qx^jietwork is ex t ernal to any 
building or premises such as an office or house. Inside 
such buildings, transmission distances are typically short 
and therefore attenuation losses relatively unimportant. 

10 Preferably the power network is a major (e.g. overground 
and/or underground) power network including e.g. any or 
all of 132kV, 33kV, llkV, 415V and 240V sections. The 
voice and data signals may be transmitted over any or all 
of the sections of the power network by suitable 

15 detection, amplification and/or regeneration and 
reintroduction as and when necessary. 

In a preferred embodiment, full duplex facilities are 
provided by utilising, for example, frequency (FDD), time 
20 (TDD) and/or code division multiplexing and/or multiple 
access (CDMA) techniques, i.e. signals may be transmitted 
and/or received in all directions simultaneously. 

A network according to the present invention may be used 
25 for many speech and/or data transmission purposes, such as 
remote reading of electricity meters, remote banking and 
shopping, energy management systems, telephony (voice), 
switched, telephony, security systems and/or interactive 
. data services, multimedia services and television. 

30 

According to a further aspect, the present invention 
provides communications apparatus adapted for use with a 
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mains electricity transmission and/or distribution 
network, including signal transmission and/or reception 
means, and frequency conversion means for converting the 
frequency of a signal transmitted or received by signal 
5 transmission and/or reception means to a frequency which 
facilitates improved propagation of the signal on the 
network . 

Preferably, the signal transmission and/or reception means 
10 is adapted to operate according to a telephony standard 
which uses a relatively high carrier frequency (e.g. 
500MHz-lGHz), and said frequency conversion means is 
usable to convert a signal having a relatively high 
carrier frequency to a signal having a lower carrier 
.15 frequency (e.g. l-60MHz). 



In a preferred embodiment, the signal transmission and/or 
reception means is adapted to operate according to the CT2 
or CDMA standards. Preferably the frequency conversion 
means is usable to convert the carrier frequency of the 
signal to between 1 and 20MHz. 



20 



Typically, the signal transmission and/or reception means 
i may comprise telephony equipment e.g. a telephone or fax 
25 \machine. 

According to a further aspect, the present invention 
provides a method of signal transmission including input 
of a telecommunications signal having a carrier frequency 
30 of greater than approximately 1MHz onto an electricity 
power distribution and/or transmission network at least 
part of which is external to a building and subsequent 
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reception of the signal, said signal being transmitted 
along said external part of the network, wherein said 
signal is transmitted using frequency, time and/or code 
division multiplexing techniques. 
5 . ~ 

In a further aspect, the present invention provides a 
communications apparatus (known hereinafter as a "network 
conditioning unit") for use with a network according to 
the first aspect of the present invention. The network 

10 conditioning unit includes a low pass filter portion or 
portions for filtering out the low frequency high 
amplitude mains power signal i.e. separating it from the 
telecommunications signal(s) and allowing it to pass 
through the conditioning unit. The unit also includes a 

15 high pass coupling element for input and removal of 
telecommunications signals from the network and, 
preferably, a terminating element of similar impedance to 
the characteristic impedance of the network at that point. 



20 /The use of such a unit ensures that the high frequency 



low voltage wiring present inside a premises, and/or that 
noise sources from the internal low voltage premises 
wiring do not contaminate or corrupt the high frequency 
25 telecommunications signals being transmitted over the 
external electricity transmission and/or distribution 
network. 

Preferably, the variable electrical loading effects (i.e. 
30 the load impedances) of all items which are coupled onto 
the network from time to time and which utilise electrical 
energy (i.e. the electrical loads) are isolated from the 




telecommunications signals do not contaminate the internal 
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communications signals by the action of l ow pass filter 
element(s) of the conditioning unit(s). 

Preferably an electrical filter is used at the interface 
5 between the external distribution network and the internal 
network of the premises, e.g. a house, of a user to ensure 
that the two signals are separated. Such a filter should 
have minimal effect on the normal domestic electricity 
supply. 



10 



The filter element of the present invention, which aims to 
reduce telecommunications signals entering the internal 
network of a users premises, preferably has no more than 1 
volt dropped across it whilst supplying a lOOamp load from 
15 a 240v, 50HZ, single phase source. 

Preferably the network conditioning unit provides 
impedance matching between reception/transmission devices 
and the power network. Additionally the network 
20 conditioning unit may carry full load or fault current at 
power frequencies whilst still carrying the voice and data 
signals. 

In a third aspect, the present invention provides a method 
25 of signal transmission using a network as described 
herein. 

Where signals are being transmitted along a polyphase 
(e.g. three phase) electricity power cable, the signal 
30 propagation may be between any or all of the phases and 
ground. In a preferred embodiment the signal is injected 
between only one of the phases and ground, which also 
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provides unbalanced transmission characteristics and the 
cable behaves as a pseudo coaxial transmission line. 



Where signals are being transmitted along a single phase 
5 electricity distribution service cable a pseudo-coaxial 
effect may also be obtained. Single phase cables may 
typically be either concentric or split-concentric. In 
the case of a split-concentric cable, means (such as a 
capacitive coupling between the parts of the split- 
10 concentric sheath) may be provided so that at the desired 
frequency the cable behaves as a standard concentric 
cable. Thus a pseudo-coaxial effect is achievable and the 
cable provides an unbalanced transmission characteristic. 



15 The network conditioning unit preferably includes a low 
pass filter comprising a main inductor arranged between a 
mains electricity input and a mains electricity output and 
connected at each end thereof to a signal input/output 
line which is arranged in parallel to the mains 

20 electricity input and mains electricity output, the two 
connections including a first capacitor and a second 
capacitor each of a predetermined capacitance depending 
upon the portion of the frequency spectrum which is to be 
utilised for communications purposes. 

25 

In this arrangement the main inductor is operative to 
prevent communications signals from the signal 
input/output line from entering the domestic/ industrial 
premises. This inductor is therefore preferably of a high 
30 inductance such as lO^H to 200yH for frequencies of 1MHz 
and above. 
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The first capacitor which connects the mains electricity 
input and the signal input/output line acts as a coupling 
capacitor to allow communication signals through from the 
signal input/output line whilst attenuating all low 
5 frequency components at or about the main electricity 
supply frequency (ie., 50/60Hz). 

The second capacitor arranged between the mains 
electricity output and the signal input/output line 
10 provides a further attenuation of communication signals 
and is connected via the signal input/output line to 
ground. 

in the event of failure of either the first or second 
15 capacitor each such capacitor is preferably provided with 
a respective fuse arranged between the first or second 
capacitor and the signal input/output line. Furthermore 
an additional safety precaution can be incorporated by 
provision of a second inductor arranged between the 
20 connections between the signal input/output line and the 
first and second capacitors. This inductor has no effect 
on communication frequency signals but will provide a path 
to ground if the first capacitor develops a fault, thereby 
allowing the first fuse to blow without allowing the power 
25 frequency signal onto the signal input/output line. 

The inductance of the main inductor depends upon the 
material of which it is made and the cross-section of the 
wire wound around the core. The lOuH inductance 
30 previously specified is preferably a minimum and with use 
of better core material a higher inductance, for example 
of the order of 200uH, can be obtained. Alternatively, a 
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number of inductors connected in series could be used* 



The coupling capacitor has a capacitance preferably in the 
range 0.01 to 0.50pF and the second capacitor linking the 
5 mains electricity output with the signal input/output line 
and ground has a capacitance preferably in the range of 
0.001 to 0.50pF. 

The second inductor arranged on the signal input/output 
10 line preferably has a minimum inductance of approximately 
250pH. This inductor therefore has no effect on 
communication frequency signals on the signal input/output 
line. The conductor used to construct the 250yH inductor 
should be of sufficient cross-sectioned area to take fault 
15 current should the decoupling capacitor fail to short 
circuit condition. 

Preferably / any spurious self resonance in the inductive 
or capacltive elements are avoided. As the lower cut off 
20 frequency of the conditioning unit is increased the 
minimum values of inductance and capacitance may be 
proportionally reduced. 

In a preferred embodiment the filter is assembled in a 
25 screened box so as to provide a good earth and prevent 
radiation of the communication signals. 

In a further aspect, the present invention provides an 
electricity distribution and/or power transmission network 
30 having a number of phases, said number being chosen from 
the list 1,2,4,5,6,7,8,9, ....n (where n is an integer 
greater than 9), but preferably having 1 or 2 phases, and 
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including input means for the input of a 
telecommunications signal having a carrier frequency 
greater than approximately 1MHz onto at least one of the 
phase conductors of the network and output means for 
5 removing said teleconmunigatigns signal from at least one 
other phase conductor of the network. 

In a further aspect, the present invention provides an 
unbalanced electricity distribution and/or power 

10 transmission network at -least a part of which comprises a 
clad cable, the network including input means for the 
input onto the network of a telecommunications signal 
having a carrier frequency greater than approximately 
and output means for removing said telecommunications 

15 signal from the network, said signal being transmissible 
along said part of the network having clad cable. 

In a further aspect, the present invention provides a 
trunk and branch multipoint electricity distribution 
20 and/or power transmission network including input means 
for the input onto the network of a telecommunications 
signal having a carrier frequency greater than 
approximately 1MHz and output means for removing said 
telecommunications signal from the network. 



25 



30 



In a further aspect the present invention provides an 
electricity distribution and/or power transmission network 
at least part of which is external to a building, the 
network including input means for the input onto the 
network of a telecommunications signal having a carrier 
frequency greater than approximately 1MHz and output means 
for removing said telecommunications signal from the 
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network, said signal being transmissible along said 
external part of the network. 

' Contrary to the teachings of the prior art, use of a 
5 j carrier frequency of this magnitude is not impractical due 
to attenuation effects. This is because, at least higher 
) frequencies, the cables of the power transmission and/or 
'* distribution network exhibit pseudo-coaxial 
? characteristics and therefore attenuation is reduced. 
10 ~ 

In this way both speech and data signals can be 
transmitted at carrier frequencies of greater than 
approximately 1MHz, allowing for a larger available 
spectrum and greater transmission capacity. The carrier 
15 frequency may in fact be less than 1MHz i.e. 800kHz ir 
even as low as 600kHz, but as it is reduced so is the 
bandwidth. A plurality of telecommunications signals may 
be provided, each having different carrier frequencies. 

y 

20 In a further aspect, the present invention provides a 
method of signal transmission including input of a 
telecommunications signal having a carrier frequency of 
greater than approximately 1MHz onto at least one phase 
conductor of an electricity power distribution and/or 

25 transmission network, and subsequent reception of the 
signal from at least one other phase conductor of the 
network, said network having a number of phases, said 

number being chosen from the list 1,2,4,5,6,7,8,9, n 

( where n is an integer greater than 9 ) , but preferably 

30 having 1 or 2 phases. 



Any or all of the above aspects may include features 
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described elsewhere in this specification. 

Embodiments of the present invention will now be described 
with reference to the accompanying drawings in which: 

Fig. 1 is a schematic diagram of a part of a network in 
which aspects of the present invention may be used; 

Fig. 2 is a schematic diagram of a first transmission 
10 system for a network according to figure 1; 

Fig. 3 is a schematic diagram of a second transmission 
system for a network according to figure 1; 

15 Fig. 4 is a schematic diagram of a third transmission 
system for a network according to figure 1; 

Fig. 5A is a cross section through a typical three phase 
cable; 

20 

Fig. 5B is a section through a typical coaxial cable; 

Fig. 6 is a first embodiment of a network conditioning 
. unit for use with the present invention; 
25 

Fig. 7 is a second embodiment of a network conditioning 
unit for use with the present invention; 

Fig. 8 is a plan view of a network conditioning unit 
30 according to figure 6; 

Fig. 9 is a view of a circuit board for the network 



WO 95/29537 



18 



PCT/GB95/00894- 



conditioning unit of Fig. 8; 

Fig. 10 is a schematic diagram of a network conditioning 
unit according to an aspect of the present invention; 

5 

Figs. 11a and lib are schematic diagrams of network 
conditioning units as used with the present invention; 

Figs. 12A, 12B and 12C show sectional views through a 
10 concentric, split-concentric and pseudo-concentric cable 
respectively; 

Fig. 13 is a block diagram for a frequency converter 
according to an aspect of the present invention; 

15 

Fig. 14 is a circuit diagram for the frequency converter 
of figure 13; 

Fig. 15 is a circuit diagram of a synthesiser circuit for 
20 the frequency converter of figure 14; 

Fig. 16 is a circuit diagram for a power supply for a CT2 
handset interface according to an aspect of the present 
invention; 

25 

Fig. 17 is a circuit diagram of a CT2 handset interface 
for use with the power supply of figure 16; 

Fig. 18 is a circuit diagram of a base station line 
30 isolator circuit for use with the present invention; and 

Fig. 19 is a schematic diagram showing the use of CDMA 



10 
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transmission techniques according to an aspect of the 
present invention. 

Fig. 1 shows generally a network 40. Mains electricity 
enters the network from an llkV transmission line 42, via 
a transformer 44 and onto a 415V three phase network 46. 
The 415V three phase network is supplied to a number of 
locations, such as buildings 48. Bach of these buildings 
may receive only a single phase electricity supply or 
alternatively may receive a three phase power supply. 

Voice and data signals may be injected into the network 
(or alternatively received from the network) at an 
injection point 50, to be received by users in the 

15 premises 48. m order to separate the voice and data 
communication signals from the low frequency high 
amplitude power signal each signal source and/or 
destination is provided with a network conditioning unit 
52 - shown in more detail in figure 11a. This network 

20 conditioning unit includes a low pass filter for 
separating out the two signals. 

A further (high current) conditioning unit 51 - shown also 
. In figure lib may be fitted between the electricity 
25 distribution transformer 44 and the injection point 50 in 
order to further remove transformer noise from the 
conditioned network 40. The unit 51 is fitted with a high 
current inductor. 

30 Pig. 2 shows a portion of a three phase network 40 into 
which and from which data signals may be transmitted and 
received using the network conditioning units 52. The 
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cable of the network 40 is clad i.e. is surrounded by a 
sheath 41 e.g. along all or substantially all of its 
r length. As an example, data signals could be transmitted 
onto the yellow phase of the network by network 
5 conditioning unit 52A i.e., the signal is applied between 
the yellow phase and earth as shown. The transmitted data 
may then be received by any or all of conditioning units 
52B, 52C and 52D which are connected to the yellow, red 
and blue phases respectively. In other words transmitted 

10 data may be picked up on* any phase of the cable, including 
the phases onto which the signals were not injected by the 
transmitting unit. This is due to the mutual capacitance 
between the phase conductors producing an effectively 
pseudo-coaxial nature of the three phase cable* As can be 

15 seen, data can be transmitted and received by each unit. 

Each phase of the network 40 is shown to include a 
transformer 43. Typically this is effected by a single 
three phase transformer for all three phases, and not by 
20 three separate single phase transformers - although the 
latter may be possible. 

Fig. 3 shows a portion of a three phase network 40 into 
which and from which data signals may be transmitted and 
25 received using four network conditioning units 52. As 

shown, the data signals are transmitted across two phases 
of the three phase network - in this case the red and blue 
phases. 

30 If one or more phases are not in use (e.g. the yellow 

phase in Fig. 3), the non-used phases(s) may be terminated 
to provide an appropriate impedance. This may be done 
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using an - t - circuit i.e. a series inductor with a shunter 
capacitor on the transformer side. This provides an 
optimum impedance and ensures that an RF signal which is 
coupled between e.g. the red and yellow phases, is not 
) shunted down by a low impedance transformer connection. 
This is particularly useful if there is insufficient 
inductive reactance at e.g. the yellow phase transformer 
connection point. 

in Fig. 4 an alternative transmission system to Fig. 2 is 
shown, in which the data signals are transmitted across 
all three phases, i.e. blue, red and yellow, of the three 
phase network 40. 

15 Fig. 13 is a schematic diagram showing an example of using 
one particular telephonic protocol (CT2 ) with a network 
according to the present invention, in normal use, CT2 
equipment transmits and receives at a radio frequency of 
866±2MHz. The network is not generally suited for the 

20 transmission of signals at this frequency, and so the 
system therefore incorporates frequency translation 
equipment to convert the CT2 signal to a frequency range 
of 8±2MHz, in this example. 

25 The equipment of figure 13 is based around a standard 
single line CT2 handset and base station pair, in order 
to allow the handset to provide the functions of a 
conventional wired telephone line at the subscriber's 
premises, baseband interface circuitry (see figs 16 and 

30 17) is used in addition to the frequency conversion 
system. 
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The subscriber and substation equipment normally each 
contain the CT2 equipment plus three additional boards. 
These consist of the frequency converters and ready-built 
power supply (PSU) modules, which are identical In both 
5 equipments, and the baseband interface boards which are 
different for each unit. 

The frequency converter consists of five main parts: the 
synthesiser 200, down converter 202, up converter 204, 
10 transmit /receive switch. 206 and a band pass filter 208. 
Each of the up and down converter stages includes a RF 
band pass filter 210, 212 respectively, a mixer 214, 216 
respectively, an amplifier 218, 220 respectively and a 
harmonic filter 222, 224 respectively. 

15 

In use, signals being transmitted from the conditioning 
unit 230 to the CT2 telephone equipment 232 will have 
their carrier frequency "up converted " by the up converter 
204. Similarly, signals being transmitted from the CT2 
20 equipment 232 to the conditioning unit (and then on to the 
network) will be "down converted" using down converter 
202. The transmit /receive switch 206 operates to ensure 
that the appropriate frequency conversion occurs. 

25 Figure 14 shows in more detail a circuit diagram of a 
suitable frequency converter. 

Transmitted signals from the CT2 equipment are applied to 
the "TX IN" port, passed through a ceramic filter 24L to 
30 eliminate spurious products, and reach the down- converter 
mixer via an attenuator and the mode switch ICS. The 
difference signal from the mixer is amplified by Al and 
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passes to the transmit - receive switch IC6, which is 
controlled by the TXRXCO signal from the CT2 radio unit. 
From this switch the signal passes through the band 
filter, which consists of cascaded fifth-order Butterworth 
5 high-pass and low-pass sections (L6-9, C48-53). These 
have cutoff frequencies of 6MHz and 10MHz respectively. 

The filter output is passed through a 3dB attenuator, 
which serves to provide a reasonable match for the filter 
10 even when the impedance match of the output load is poor, 
and emerges at the "8MHz RF to CU" port. This port is 
connected to the mains conditioning unit (CU) which 
couples the RF signal into the network. 

15 Incoming signals from the conditioning unit pass back 

through the 6-10MHz band-pass filter and TX/RX switch IC6. 
emerge from port 'B' and are amplified by A2. The output 
of this amplifier is harmonic filtered and applied to the 
up-conversion mixer MX2. The output of this mixer is fed 

20 to the input of the CT2 receiver via mode switch ICS and a 
second 866MHz ceramic band-pass filter. 

The purpose of the mode switches is to allow access to the 
866MHz transmit and receive paths of the CT2 radio. This 
25 enables a link to be set up at 866MKz (either by cable or 
through antennas) for test purposes. 

The 866MHz signal paths are diverted away from the 
frequency converter proper by IC5 and IC8, and are 
30 recombined by IC7 which acts as a transmit/receive switch 
controlled by the TXRXCO signal from the CT2 radio. In 
this manner the "866MHz RF" port (which is brought out to 
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an internal test socket) effectively replaces the original 
antenna port of the radio, and can be used in the same 
manner. The mode switches are controlled by logic signals 
from the on-board switch SW1, both true and complementary 
signals being generated in order to simplify the routing 
of the RF tracks around the switch ICs. It should be 
noted that the mode control and 866MHz RF port are located 
internally to the equipment and do not play a part in its 
normal operation. 

The 874.1MHz local oscillator is generated by the 
synthesiser circuit shown in figure 15. The VCO, which 
operates on the output frequency, is a Colpitts oscillator 
based around Ql. The frequency is determined by the 
components around coaxial dielectric resonator DR1 and 
varactor diode 01. The output of the VCO is amplified and 
buffered by dual-gate MOSFET Q2, after which a signal is 
taken off to drive the prescaler IC3. The oscillator 
signal is then further amplified by IC2 and split two ways 
by power divider PS1 to drive the up- and down- conversion 
mixers • 

The control loop is formed by the synthesiser IC2, dual- 
modules prescaler IC3, and the loop filter based around 
IC1 and associated components. The loop is of 
conventional Type II design, with a narrow bandwidth of 
about 150Hz. The frequency reference is provided by a 
12.8MHz TCXO module driving the reference input of IC2. 



Fig. 16 is a circuit diagram of a power supply for the 
interface board to interface between the CT2 handset and 
a basic telephony service. 
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The power supply provides three voltage rails: 

+12v -for audio circuitry (as supplied from PSU 

board) 

5 +5v -for control logic 

+50v -for line interface 

The incoming supply is + I2v. This is regulated down to 
♦5v by linear regulator 1C6. The +50v supply is derived 

10 from the +12v rail by a push-pull forvard converter based 
around ICi. Qi- 2 , D1-6,T1 and LI. The design is 
conventional, but an adjustment is provided for the 
oscillator frequency. This allows the frequency to be set 
so that its harmonics do not fall within the bandwidth of 

15 the CT2 second IF at 500kHz. This is achieved by using a 
frequency of 110kHz for the power converter, placing the 
4th and 5th harmonics at 40kHz and 550kHz respectively. 

Fig. 17 is a circuit diagram of an interface for the CT2 
20 handset, inclusing the line interface, audio interface and 
control logic. 

The line interface is based around Q3-9, IC2 and their 
. associated components, and handles both incoming and 
25 outgoing calls. 

For outgoing calls, under quiescent conditions, REVERSE is 
low. When the subscriber's terminal goes off -hook, line 
current flows from the +50v supply via Q3, the 
30 subscriber's terminal and the constant-current sink formed 
by 07 (whose base is held at + 5v) and R15. A voltage is 
thereby developed across R15, and this performs three . 
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functions. Firstly, the rising edge of this signal 
triggers 103a, which enables IC4a for about 50ms. IC4a 
simulates operation of the CT2 handset's "Line* key and 
thus causes the CT2 system to initiate an outgoing call. 
5 Secondly, it pulls one input of IC2c high, which forces 
REVERSE to stay low. Thirdly, it switches on Q9. This 
pulls the junction of R20 and R21 down to a low level, 
forward-biassing D8 and thus connecting C17 and the est of 
the audio circuitry (based around IC5) to the line. 

10 

When the subscriber's terminal goes back on-hook, line 
current ceases to flow and the voltage across R15 drops. 
The falling edge of this signal triggers IC3b and IC4b, 
which together simulate operation of the CT2 handset's 
15 "Clear" key. This causes the CT2 system to clear down. 

On receipt of an incoming call, the CT2 handset activates 
an internal open-drain buffer (which would normally drive 
the ringing transducer) which is connected to the RING 
20 line and thereby discharges CIO. This enables a 25Hz 
oscillator formed by IC2a,b and associated components. 

Provided that the subscriber's terminal is on-hook, the 
output from this oscillator is gated to REVERSE. During 
25 the time that REVERSE is high, Q3 and Q7 are switched off, 
whilst Q4 and Q6 are enabled, reversing the polarity of 
the voltage applied to the line. In this manner the line 
is driven with a 25Hz square wave of lOOVpk-pk. Whilst 
this is lower than the ringing voltage supplied by a 
30 normal public exchange line, it is nevertheless sufficient 
to cause the subscriber's terminal to register an incoming 
call. The ringing current is not sufficient to develop a 
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voltag. acres, R15 which win operat. IC2= or 09. m fact 
th. r...on uhy 09 and D8 „ e flttid u ^ ^ ^ 

1. ». If th.,. =o*po„.„t, TOr . not pre,.nt then rlngl 
current would f!ow In «7. which wouid not only h..vily 
led the 50V .uppiy. but would also trigger th. "off-hoo*- 

detection circuitry (lC2c IC3> *k.,„ 

jr n«~.sc, x«j and thus cause malfunction 

of the system. 

in order to simplify the system, no facility is -provided 
10 for decoding the dialled digits from the subscriber's 
terminal, it is therefore impossible to operate the 
present system in loop-disconnect mode. DTMF tones 
generated by the subscriber's terminal will be passed 
transparently through the audio channel once the line is 
15 established. 

Recall is acheived by iC4c and associated components. 

Since both wires of the line will normally have close to 

♦50v on them, the -earth recall- facility on the 
20 subscriber's equipment will pull the recall line, and thus 

the control inout of iC4c, up to a high level (rather than 
pulling the line voltage down to earth as would happen on 
a public exchange). i C4c is connected across the 'recall' 
key of the CT2 handset. It should be pointed out that the 
25 -earth- wire (actually the RECALL line) is at a more 
negative voltage than the A and B wires of the line, 
rather than more positive as is normal practice on public 
exchange lines. 

30 The hybrid is formed by ICS and associated components, and 
is coupled to the line via C17. Output from the CT2 
handset is applied to the non-inverting input of iC5a 
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which is configured as a unity-gain buffer. The output of 
IC5a drives the line via the balancing impedance Zb, which 
is formed by C18, C19 and R28-30. 

5 IC5b acts as a conventional differential amplifier. If 
the impedance presented by the line is the same as Zb, 
then any signals arising from the output of IC5a appear 
purely in common mode at the inputs of ICSb and thus do 
not appear at the output of the latter. Incoming signals 
10 from the line, however, are applied only to the non- 
inverting input of ICSb and are passed on with a gain of 
+2. The output from ICSb forms the input signal for the 
CT2 handset. 

15 Fig. 18 is a circuit diagram of an isolation interface for 
use between a base station and sub- station equipment. 
It is necessary to isolate the base station from the PSTN 
line to allow connection to mains earth as the line 
interface is not isolated from the RF part in the original 

20 design. This is accomplished by means of a small add-on 
board which takes over the hybrid and line switching 
functions. 

The circuit diagram of this board is shown in figure 6. 

25 After passing through protection network L1-L2-VDR 
(transferred from original GPT base station) the line 
current is rectified by BR1 to make the circuit 
independent of line polarity. Ql provides the line 
switching function and is driven from the base station's 

30 control logic via IL2 and R2, R3 and D2. The earth recall 
facility is provided by Q2 and associated components, 
driven via IL3. Conveniently, these functions are both 
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controlled using opto-lsolators in the original circuit 
although these were used for level- shifting rather than 
isolation, it should be noted that the output transistors 
of IL2 and IL3 have to be capable of withstanding the peak 
5 ringing voltage in the 'off state, so high voltage types 
are specified here. 

Ringing current is rectified by BR2 and drives 1L1 via Rl 
and Dl - the latter being present to prevent high level 
10 audio signals from getting through to ILL 

As there is no facility for loop-disconnect dialling in 
this system, no masking circuitry is needed either for the 
audio path or the ringing detector. This would otherwise 
15 by required to prevent the loop-disconnect pulses from 
operating the ringing detector or overloading the audio 
channel . 

The remaining circuitry provides the audio path. Signals 
20 to be transmitted are applied to Darlington Q3-Q4 via 
isolating transformer Tl and associated bias components. 
This pair of transistors in conjunction with R13 and R14 
form a constant -current source which is modulated by the 
outgoing audio signal. The resulting signal splits via R8 
25 and R9 between the line and the balance impedance formed 
by C3-5 and R10-12. if the line impedance is equal to the 
balance impedance, the signal voltages across R8 and R9 
are equal and opposite and no signal appears across T2. 
This arrangement thereby provides sidetone cancellation. 
30 incoming signals from the line however, do develop a 
signal in T2 which is output. to the CT2 base station. 
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Another particularly suitable communication protocol for 
use with the present invention is CDMA, and fig. 19 is a 
graph of voltage against frequency for an exemplary CDMA 
signal according to the present invention. Line 400 
5 designates the basic CDMA signal which is a relatively 
broadband low power signal. However, according to one 
- aspect of the present invention, additional signals can 
also be transmitted at the same time. Examples of such 
additional signals are designated 402, 404 and 406, and it 
10 will be seen from fig. 19 that such additional signals are 
relatively narrow band signals. 

The narrow band signals will interfere with the CDMA 
signal in the regions covered by those narrow band 
15 signals, but the data included in the CDMA signal may 

still be recoverable from the other parts of the frequency 
spectrum of the CDMA signal. Thus additional data signals 
(402, 404 and 406) can be included along side the basic 
CDMA signal 400. 

20 

Fig. 5A shows a simplified cross section of a three phase 
power cable 54, including red phase 56, yellow phase 58, 
and blue phase 60. Data signals are transmitted between 
blue phase 60 and earth 62, and are injected into the 

25 network via network conditioning unit 52. At high 

frequencies, the mutual capacitance between the phases 
effectively produces a short circuit. Therefore, such a 
transmission system gives a pseudo-coaxial characteristic, 
roughly equivalent to the coaxial cable shown in Fig. 5B. 

30 The mutual capacitance between any two of the phases in 
the three phase cable is shown schematically as 64 in Fig. 
5A - similar mutual capacitance exists between other parts 
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of phases. 



The basic elements of a network conditioning unit 101 
according to one aspect of the present invention are 
5 illustrated in Figs. 11a and lib. Fig. ii a shows 
conditioning units as designated 52 and 51 in fig. 1 
respectively. The conditioning unit can be considered to 
be equivalent to a low pass filter 100 and a coupling 
capacitor element 102 (which can be considered to be a 
10 high pass filter element). 

The low pass filter element 100 allows mains power to be 
supplied from the distribution network to a consumer 
whilst preventing high frequency communication signals 
15 from entering the consumers premises. A coupling 

capacitor, or high pass filter element, 102 is provided to 
couple the high frequency communication signals onto the 
distribution network whilst preventing the mains power 
from entering the communications apparatus. 

20 

The conditioning unit components may be fitted into e.g an 
electricity meter case located in a consumer's premises, 
or possibly may be set into a compartment at the rear of 
such a meter. Alternatively the necessary components may 
25 be located in e.g. a customer's high rupturing capacity 
(HRC) fuse or cut-out unit. 

Referring to Fig. 6, an embodiment of a conditioning unit 
^(essentially a filter) according to an aspect of the 
30 invention is indicated generally by the reference numeral 
10 and is connected between a mains electricity input 12 
and a mains electricity output 14. A signal input/output 
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line 16 is also connected into the filter. The mains 
power line is a standard 50Hz mains electricity power 
supply providing a domestic electricity power source of 
240v at a maximum current of 100 amps for normal usage* 

5 

The filter 10 is assembled into a metal box which prevents 
radiation of the communication signals to externally 
located appliances and which provides a connection 18 to 
earth for the signal input/output line 16. The filter 10 

10 includes a first or main inductor 20 formed e.g. of 16mm 2 
wire wound on a 10mm diameter, 200mm long ferrite rod with 
30 turns of wire therearound. This provides an inductance 
of approximately 50pH. This may be a minimum for the 
signal characteristics utilised. The use of better 

15 materials or a plurality of series inductors would 
increase the inductance of the inductor up to, for 
example, approximately 200iiH. 

Each end of the main inductor 20 is provided with a 
20 connection to the signal input/output line 16. A first 
connection 22 between the mains electricity input 12 and 
signal input /output line 16 comprises a first or coupling 
capacitor 24 having a capacitance of between 0.01 and 
O.SOpF, and preferably around O.lpF. This coupling 
25 capacitor 24 is connected to a first fuse 26 which is 
arranged to blow in the event of failure or a fault 
developing in capacitor 24. 

A second connection 28 includes a second capacitor 30 
30 having a capacitance of between 0.001 and 0.50yF, 

preferably around O.luF. This capacitor provides further 
attenuation of the communication signals by shorting to 
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the earth or ground 18. a second fuse 32 is provided to 
blow if a fault develops in the second capacitor 30, 
thereby preventing further unit damage. 

5 The signal input/output line 16 is connected to a second 
inductor 34 having an inductance of approximately 2S0uH 
minimum. This inductor is provided as a damage limiter in 
the event of failure of the coupling capacitor 24. m the 
event of such failure this inductor provides a path to the 
10 ground 18 for the 50Hz mains electricity power frequency, 
thereby blowing fuse 26. The inductor has no effect on 
the communication frequency signals present on the signal 
input /output line 16. 

15 Fig. 7 shows a second embodiment of a filter according to 
an aspect of the present Invention. The filter 70 
includes a pair of inductors LI, L2 arranged in series 
between a mains electricity input 72 and a mains 
electricity output 74. A preferred value for LI and L2 is 

20 approximately !6uH. Connected between the RF input line 
80 and the mains input 72 is a first fuse Fl and capacitor 
CI, and connected between the RF input 80 and ground is a 
third inductor L3, which acts as an RF choke and has a 
typical value of 250uH. 

25 

Connected in a similar fashion between the connection 
point of LI and L2 and ground is a second fuse F2 and 
second capacitor C2. Connected between the mains 
electricity output 74 and ground is a third fuse F3 and 
30 third capacitor C3. A typical value for the capacitors is 
around O.luF and for the fuses approximately 5 amps HRC 
(high rupturing capacity). 
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The values given for these components are exemplary only, 
and different preferred values will be appropriate for 
other design frequencies. 

Turning to Fig. 6 a typical housing arrangement for a 
network conditioning unit according to an embodiment of 
the present invention is shown. The main inductors LI and 
L2 are housed within a shielding box 90. Various 
connections are shown, including a communication interface 
port 92 to which a user's communication equipment would 
normally be connected. However, as shown in Fig. 8, this 
port may be terminated in an impedance matching port 
terminator 94. 

Fig. 9 shows a circuit board 96 which fits inside the unit 
90 of figure 8 and houses the rest of the circuitry for 
the network conditioning unit of figure 7. Connections A, 
B, C, D and £ are shown which connect to the appropriate 
points of the box shown in figure 8. 

Fig. 10 is a schematic representation of a network 
conditioning unit 52, showing the various building blocks 
80-86 of the network conditioning element. To design a 
suitable network conditioning unit, the circuits 
represented by blocks 81 and 86 should be high- impedance 
elements over the required communications frequency 
spectrum (eg. 1MHz and above) and low impedance elements 
at frequency of mains electricity supply (ie. 50/60HZ) 
i.e. these elements are inductors. Similarly blocks 80 
and 82 should be low impedance coupling elements over the 
required communications frequency spectrum and high 
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impedance isolating elements at the frequency of the mains 
electricity supply ie. they are capacitors. 

HRC fault current limiting fusible safety links (84 and 
85) are provided in series with elements 80 and 82. An 
additional impedance matching network 83 may be included 
for connection to a communications port. This element may 
be external to the network conditioning unit 52. 

10 The optimum values of items 81, 80, 82 and 86 will be 
dependant upon factors including :- 

a) The required frequency range over which the network is 
to be conditioned. 

15 

b) The unit length of the network which is to be 
conditioned. 

c) The number and types of loads which may be encountered 
20 on the network. 

d) The characteristic impedance of the network phase 
conductors with respect to earth ie. conductor outer 

. electrical sheath. 
25 

e) The impedance of the communications interface devices. 

The network conditioning unit may be filled with air, 
inert gas, resin compound or oil depending upon the 
30 location and load and/or fault current ratings of the 
conditioning unit. Also it may be, for example, sited 
indoors, pole mounted, buried underground or inserted in 
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street lamp columns. 

Similarly items 81 and 86 may comprise a number of 
individual inductors in series, and if no interconnection 
5 is required, for example, on a street light, items 84, 80, 
83 and 86 may be omitted. 

Items 80 and 82 may comprise of a number of capacitors in 
series and/or parallel configuration depending upon 

10 working voltages encountered ie. 240, 415, llkV, 33kV etc. 
Alternatively, or additionally, items 80 and 82 may 
comprise of two or more capacitors in parallel in order to 
overcome, for example, deficiencies in capacitor design 
when conditioning a network over a relatively wide 

15 frequency range, for example 50 MHZ to 500 MHZ. 

Furthermore, items 81, 85 and 82 of the network 
conditioning unit may be cascaded if required. In a 
typical design, the greater the number of cascaded 
20 elements the sharper will be the roll off response of the 
filter and the greater its attenuation. 

Figs. 12A, 12B and 12C show sectional views through a 
single phase concentric, split-concentric and "pseudo"- 

25 concentric cables respectively. A typical concentric 

single phase cable (as illustrated in Fig. 12A) consists 
of a central metallic conductor core (typically aluminium) 
110 surrounded by an insulating layer 112 (typically PVC). 
Around the insulating layer 112 are laid a plurality of 

30 metallic conductors 114 (typically copper) over which lies 
an insulating and protective sheath 116 (typically PVC). 
In use the neutral and earth are combined in the outer 
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sheath of metallic conductors 114. 
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A split-concentric cable (as Illustrated in Fig. 12B) is 
similar to the concentric cable except that the outer 
5 layer of metallic conductors 114 is split into two 

portions - e.g. an upper portion 115 and a lower portion 
117. These portions are divided by insulators 118, 120 
and in use the neutral and earth are split so that one 
portion of the outer metallic sheath carries only one of 
10 them. 

in order to maintain a pseudo-coaxial effect in the split- 
concentric service cables at the desired transmission 
frequencies (e.g. above 1MHz) one or more capacitors 122 
15 may be connected between the upper and lower portions 115, 
117 of the outer metallic sheath 114. These capacitor(s) 
may be fitted e.g. at the termination and/or conditioning 
points of the cable. 

20 It will be seen from the foregoing that the invention 
provides a simple filter effectively separating signals 
having a frequency spectrum indicative of radio 
communication signals from those of standard mains 
. electricity power supply without significant loss of power 

25 or quality in either signal. Thus the electricity 

distribution and/or transmission network(s) can be used 
for both the provision of electricity supply and the 
propagation of telecommunications signals, which may be 
analogue and/or digital in format. 



30 



The use of a filter according to the invention at each 
consumer supply point in a low voltage electricity 
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distribution network provides a conditioned network 
suitable for the transmission of high frequency 
communication signals together with the distribution of 
50Hz, 240v single and 415v, three phase electricity 
5 supplies. The provision of such a conditioned network 
constitutes a further aspect of the invention. 
The invention is not confined to the foregoing details and 
variations may be made thereto within the scope of the 
invention* 



WO 95/29537 



39 



PCT/GB95/00894 



10 



CLAIMS ; 

1. An electricity distribution and/or power transmission 
network at least part of which is external to a building, 
the network including input means for the 
input onto the network of a telecommunications signal 
having a carrier frequency greater than approximately 1MH Z 
and output means for removing said telecommunications 
signal from the network, said signal being transmissible 
along said external part of the network, wherein the 
network is adapted to transmit said signal using 
frequency, time and/or code division multiplexing 
techniques . 

2. A network according to claim 1 wherein the network is 
adapted to transmit said signal using Code Division 
Multiple Access (CDMA) communication techniques. 

20 3. A network according to claim 1 or claim 2 wherein the 
network adapted to transmit said signal using one or more 
of the following cordless telephony techniques! 



15 



25 

R-CDMA (Rockwell -Code Division Multiple Access), 
telephony standards CTO, CT1 and CT2, AMPS, DECT (Digital 
European Cordless Telephone Standard), IS-54, IS-95, GSM, 
Q-CDMA, UD-PCS, PHS, PACS, TACS, ENTACS, NMT450, NMT900, 
30 C-450, RTMS, Radicom 2000, NT J, JTACS & NTACS , DCS 1800, 
etc. " 
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4; A network according to any one of the above claims 
wherein the carrier frequency is between approximately 1- 
60MHz. 

5 5. A network according to any one of the above claims 
wherein signal propagation is between at least one of the 
phase conductors of the network and earth. 

6. Communications apparatus adapted for use with a mains 
10 electricity transmission, and/or distribution network, 

including signal transmission and/or reception means, and 
frequency conversion means for converting the frequency of 
a signal transmitted or received by signal transmission 
and/or reception means to a frequency which facilitates 
15 improved propagation of the signal on the network. 

7. Communications apparatus according to claim 6 wherein 
said signal transmission and/or reception means is adapted 
to operate according to a telephony standard which uses a 

20 relatively high carrier frequency, and said frequency 
conversion means is usable to convert a signal having a 
relatively high carrier frequency to a signal having a 
lower carrier frequency. 

25 8. Communications apparatus according to claim 7 wherein 
said signal transmission and/or reception means is adapted 
to operate according to the CT2 or CDMA telephone 
standards . 

30 9. Communications apparatus according to claim 7 or 

claim 8 wherein said frequency conversion means is usable 
to convert the carrier frequency of said signal to between 
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1 and 60 MHZ. 

10. Communications apparatus according to any one of 
claims 6 to 9 wherein said signal transmission and/or 

5 reception means comprises telephone equipment. 

11. Communications apparatus according to any one of 
claims 6 to 10 connected to an electricity power 
distribution and/or transmission network. 

10 

12. Communications apparatus according to claim 11 
wherein said network is a network according to any one of 
claims 1 to 5. 

15 13. Use of a communications apparatus with an electricity 
distribution and/or power transmission network, the 
apparatus including signal transmission and/or reception 
means, and frequency conversion means for converting the 
frequency of a signal transmitted or received by signal 

20 transmission and/or reception means to a frequency which 
facilitates improved propagation of the signal on the 
network • 

14. A method of signal transmission including input of a 
25 telecommunications signal having a carrier frequency of 
greater than approximately 1MHz onto an electricity power 
distribution and/or transmission network at least part of 
which is external to a building and subsequent reception 
of the signal, said signal being transmitted along said 
30 external part of the network, wherein said signal is 
transmitted using frequency, time and/or code division 
multiplexing techniques. 
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15. Use of telecommunications apparatus for transmission 
or reception of a telecommunications signal having a 
carrier frequency greater than approximately 1MHz on a 
network according to any one of claims 1 to 5. 

5 

16. An electricity distribution and/or power transmission 
network substantially as herein described with reference 
to the accompanying drawings. 

10 17. Communications apparatus substantially as herein 
described with reference to the accompanying drawings. 

18. A method of signal transmission substantially as 
herein described with reference to the accompanying 
15 drawings. 

.19. An electricity distribution and/or power transmission 
network having a number of phases, said number being 
chosen from the list 1,2,4,5,6,7,8,9, n (where n is an 

20 integer greater than 9), including input means for the 
input of a telecommunications signal having a carrier 
frequency greater than approximately 1MHz onto at least 
one of the phase conductors of the network and output 
means for removing said telecommunications signal from at 

25 least one other phase conductor of the network. 

20. An unbalanced electricity distribution and/or power 
transmission network at least a part of which comprises a 
clad cable, the network including input means for the 
30 input onto the network of a telecommunications signal 

having a carrier frequency greater than approximately 1MHz 
and output means for removing said telecommunications 
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signal from the network, said signal being transmissible 
along said part of the network having clad cable. 

21. A trunk and branch multipoint electricity 
5 distribution and/or power transmission network including 
input means for the input onto the network of a 
telecommunications signal having a carrier frequency 
greater than approximately 1MHz and output means for 
removing said telecommunications signal from the network. 



22. An electricity distribution and/or power transmission 
network at least part of which is external. to a building, 
the network including input means for the input onto the 
network of a telecommunications signal having a carrier 
15 frequency greater than approximately 1MHz and output means 
for removing said telecommunications signal from the 
network, said signal being transmissible along said 
external part of the network. 

20 23. A method of signal transmission including input of a 
telecommunications signal having a carrier frequency of 
greater than approximately 1MHz onto at least one phase 
conductor of an electricity power distribution and/or 
transmission network, and subsequent reception of the 

25 signal from at least one other phase conductor of the 
network, said network having a number of phases, said 
number being chosen from the list 1, 2, 4, 5, 6, 7, 8, 
9... (where n is an integer greater than 9). 
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